Abstract Succinate dehydrogenase inhibitor (SDHI) fungicides are currently represented in New Zealand by eight active ingredients: bixafen, boscalid, carboxin, fluaxapyroxad, fluopyram, isopyrazam, penthiopyrad and sedaxane. They are either currently registered or undergoing development in New Zealand for use against a range of ascomycete and basiodiomycete pathogens in crops, including cereals, ryegrass seed, apples, pears, grapes, stonefruit, cucurbits and kiwifruit. These fungicides are considered to have medium to high risk of resistance development, and resistance management is recommended by the Fungicide Resistance Action Committee (FRAC) in Europe. Guidelines are presented for use of SDHI fungicides in New Zealand to help avoid or delay the development of resistance in the fungal pathogens that they target.
INTRODUCTION
The guidelines presented here are designed to avoid or delay the development of resistance in plant pathogens in New Zealand to fungicides that are in the succinate dehydrogenase inhibitor (SDHI) activity group. The guidelines have been developed by the New Zealand Committee on Pesticide Resistance (NZCPR) (Beresford et al. 2009 ) in consultation with the New Zealand Association for Animal Health and Crop Protection (AGCARM, www.agcarm.co.nz/). They are based on recommendations from the Fungicide Resistance Action Committee (FRAC) (www.frac.info/frac/index.htm), who base their resistance prevention guidelines on laboratory and field resistance instances to SDHI fungicides worldwide. Guidelines for specific New Zealand crops are similar to FRAC guidelines and take into account aspects of local cropping practices and disease epidemiology considered to be important by the NZCPR. All New Zealand pesticide resistance strategies can be found on the New Zealand Plant Protection Society web site (www.nzpps.org).
PRODUCT PERSPECTIVE SDHI fungicides are derived from a diverse range of chemistry and, depending on the host and pathogen, have protectant, translaminar or systemic activity. They have been given the FRAC activity group code number 7 (NZPPS 2009) and comprise seven chemical groups including phenyl-benzamides and pyridinyl-ethylbenzamides as well as furan-, oxathiin-, thiazole-, pyrazole-and pyridine-carboxamides. Eight active ingredients from four of these chemical classes are currently registered or undergoing development in New Zealand (Table 1) . SDHI fungicides specifically inhibit fungal respiration by blocking the ubiquinone-binding sites in the mitochondrial complex II (Avenot & Michailides 2010) . Generation I SDHIs, including carboxin and oxycarboxin, have been used internationally since the late 1960s and are highly effective against basidiomycete pathogens such as rusts or Rhizoctonia sp. The newer generation II SDHIs, such as boscalid, fluxapyroxad, penthiopyrad, isopyrazam and fluopyram, have a spectrum of activity against a broader range of fungal pathogens of various crops (Avenot & Michailides 2010) . Generation II SDHIs are intended for use in integrated disease management programmes, or as mixing or alternation partners to prevent fungicide resistance. Fungicides from this class are effective against various diseases of cereals, grape, stonefruit, strawberry, kiwifruit, apple and cucurbit (Table 2) .
CURRENT STATUS OF SDHI RESISTANCE
The FRAC website lists the SDHI fungicides as medium to high risk of selecting for resistance in fungal pathogen populations based primarily on single-site mutations of the gene encoding the target succinate dehydrogenase enzyme. Reported resistance has been limited to the generation I fungicide carboxin as well as to the generation II SDHI boscalid. Table 3 summarises the reported resistance determined through laboratory studies and Table 4 summarises instances of field resistance.
Higher frequencies of boscalid resistant isolates of Alternaria alternata were recovered from pistachio orchards that had been treated with repeated applications of the pre-mixed fungicide Pristine® (boscalid + pyraclostrobin) (Avenot & Michailides 2010) . High frequencies of boscalid resistance were also reported in isolates of the gummy stem blight pathogen, Didymella bryoniae, in watermelon field plots treated with boscalid. Repeated applications of boscalid also led to the recovery of resistant isolates of Botrytis cinerea from vineyards across Europe (Stammler et al. 2007 ) and boscalid-resistant isolates of Corynespora cassiicola in cucumber greenhouses in Japan (Miyamoto et al. 2009 ).
In laboratory screenings, all A. alternata isolates that were resistant to boscalid were found to be resistant also to penthiopyrad (pyrazole) and fluopyram (benzamide), two generation II SDHI fungicides that have shown broad-spectrum activity against filamentous fungi. Similarly, boscalid-resistant isolates of D. bryoniae were also insensitive to penthiopyrad (Avenot & Michailides 2010) . 
Cereals
Use a maximum of two applications of products containing SDHI fungicide per crop. SDHI fungicides must be applied in mixture with a fungicide of a different group. Do not use SDHI fungicides in repeated applications at reduced rates as this increases the risk of selecting resistance in pathogen populations.
Ryegrass seed crops
Use a maximum of two applications of products containing SDHI fungicide per crop. SDHI fungicides must be applied either in strict alternation or in mixture.
Squash and pumpkin
Use a maximum of two applications of products containing SDHI fungicide per crop, preferably in mixture. If used alone, apply SDHI fungicides in strict alternation with effective fungicides from a different activity group.
Stonefruit
Use a maximum of three applications of products containing SDHI fungicide per season, preferably in mixture. If used alone, apply SDHI fungicides in strict alternation with effective fungicides from a different activity group. If used in mixture, do not make more than two consecutive applications of products containing a SDHI fungicide. Use of SDHI fungicides should be restricted to a single stage of crop development. Use during the flowering period and do not use near harvest time.
Grape
Use a maximum of two applications of products containing SDHI fungicide per season, preferably in mixture. If used alone, apply SDHI fungicides in strict alternation with effective fungicides from a different activity group. When targeted specifically against botrytis bunch rot (grey mould, B. cinerea), the maximum numbers of applications of SDHI fungicides are given in Table 5 . These maxima apply to all diseases of grapes and must not be exceeded when targeting powdery mildew (Erysiphe necator). Other crops Use a maximum of two SDHI containing fungicides per year over all diseases, preferably in mixture. If used alone, apply SDHI fungicides in strict alternation with fungicides in a different activity group.
RESISTANCE PREVENTION STRATEGY IMPLEMENTATION
These resistance prevention and management guidelines should be implemented for all products containing a SDHI fungicide by including a statement on the product label under the heading "Resistance Prevention". This should include the statement "This product contains a "GROUP 7 (SDHI) fungicide that is at risk from resistance development. Do not use in conjunction with other products containing a GROUP 7 (SDHI) fungicide when adhering to the fungicide mixture and alternation guidelines for the specific crops below." The general guidelines and appropriate crop-specific guidelines for Group 7 fungicide applications should then follow.
